(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(11) 



EP 0 767 139 B1 



(12) 



EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
07.01.1999 Bulletin 1999/01 

(21) Application number: 96115966.2 



(51) IntCI. 6 : C01B 13/02 



(22) Date of filing: 04.10.1996 



(54) Oxygen generating device 

Vorrichtung zur Gewinnung von Sauerstoff 
Appareil generateur d'oxygene 



(84) Designated Contracting States: 
DE ES FR GB IT 

(30) Priority: 07.10.1995 GB 9520554 

(43) Date of publication of application: 
09.04.1997 Bulletin 1997/15 

(73) Proprietor: 

NORMALAI R-G ARRETT (HOLDINGS) LIMITED 
Yeovil Somerset, BA20 2YB (GB) 



00 

O) 
CO 



CO 



(72) Inventors: 

• Phillips, Robert John 
Honiton, Devon EX14 0BD (GB) 

• Taylor, Ralph Gordon William 
Cullompton, Devon EX15 2EQ (GB) 

(74) Representative: 

Lucking, David John 
FORRESTER & BOEHMERT 
Franz-Joseph-Strasse 38 
80801 Munchen (DE) 



(56) References cited: 
GB-A- 2 257 054 



US-A- 5 269 822 



a. 

LU 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Xerox (UK) Business Services 
2.16.7/3.6 



1 

Description 

This invention relates to a method of controlling an 
oxygen generating device and to an oxygen generating 
device. 5 

In order for passengers or aircrew in an aircraft to 
breath when exposed to ambient atmospheric pressure 
at elevated altitudes, it is necessary to provide a supply 
of breathing gas enriched with oxygen. 

One means of achieving this is to carry within the 10 
airframe a supply of compressed oxygen gas, but par- 
ticularly in a small aircraft, where space is at a premium, 
and/or in an aircraft where the added weight of the gas 
bottle containing the compressed oxygen gas is signifi- 
cant, this is not acceptable. 15 

To reduce weight and space requirements another 
means is to carry within the airframe liquid oxygen. Liq- 
uid oxygen systems give rise to space and weight pen- 
alties and also a requirement for liquid oxygen to be 
available for replenishment of the liquid oxygen supply 20 
at a ground station. 

More recently oxygen-enriched gas has been pro- 
duced on-board of the aircraft by a so-called on-board 
oxygen generating system (OBOGS) based on pres- 
sure swing technology using a zeolite molecular sieve 25 
material to separate oxygen from air. This requires at 
least two zeolite beds which have to be sequentially 
cycled through on-stream/generating and off- 
stream/purge cycles. A limitation of such systems is that 
theoretically the maximum oxygen concentration obtain- 30 
able in the product gas is 95% unless additional means 
are provided for the removal of argon and other trace 
gases from the supply air which is normally bleed air 
from a compressor stage of an engine powering the air- 
craft. 35 

Increasing attention is now being given to ceramic 
membrane technology in provision of a system which 
will generate substantially 100% oxygen product gas or 
highly oxygen-enriched product gas of breathable qual- 
ity for use in aerospace and other breathing applica- 40 
tions. Such gas will hereinafter be referred to as being 
"oxygen rich", and the residual gas, will be referred to as 
being "oxygen depleted". 

Certain ceramic materials (for example Yttria doped 
Zirconia or Gaddia doped Ceria), which are so-called 45 
ionic conductors of oxygen, become electrically conduc- 
tive at elevated temperatures due to the mobility of oxy- 
gen ions within the crystal lattice. Since these materials 
are only conductive to oxygen ions in the presence of an 
electrical current, an external electric circuit is needed, so 
It is necessary to control the electrical current supply in 
order to regulate the production of oxygen required. 

Such an oxygen generation device comprises a 
membrane of such material to one side of which is sup- 
plied ambient air. Oxygen diffuses through the mem- 55 
brane by ionic transport and is recoverable from a 
second, other, side of the membrane for use. Oxygen 
production rate is dependent on the electrical current 



2 

supply to the membrane. 

A conventional method of controlling the electrical 
supply is so called proportional control, whereby the 
magnitude of electrical current provided to the mem- 
brane is dependant upon a feedback signal for example, 
indicative of the amount of oxygen which has been pro- 
duced by the generator and is available for use. 

However particularly in aerospace use, there is a 
requirement for the oxygen generating device ideally to 
be small and light. The power consumed by a oxygen 
generating device which utilises ceramic membrane 
technology, is substantial, and hence the control equip- 
ment necessary to control the magnitude of the electri- 
cal current, also is necessarily substantial. 

According to a first aspect of the invention we pro- 
vide a method of controlling an oxygen generating 
device of the kind including a ceramic membrane 
through which an electrical current is passed whilst 
ambient air is supplied to one side of the membrane, the 
membrane allowing oxygen in the supplied air to diffuse 
therethrough by ionic transport when the membrane is 
at or above an operating temperature, at a rate depend- 
ant upon the electrical current, there being means to 
recover the oxygen at a second side of the membrane, 
the method comprising regulating the electrical current 
passing through the membrane by switching the electri- 
cal current on and off and varying the proportion of cur- 
rent-on time in a given time interval, in dependence 
upon a feedback signal. 

This method of regulating the electrical current pro- 
vides significant advantages over conventional propor- 
tional control methods. Particularly, the control 
equipment necessary to regulate the electrical current 
can be significantly simplified compared with the equip- 
ment necessary to achieve proportional control. Also, 
the method of the invention has been found to be more 
efficient, enabling higher power densities in the ceramic 
membrane to be achieved. 

Preferably, the feedback signal utilised in the 
method is indicative of the amount of oxygen which has 
been produced by the generator and is available for use. 
For example, the means to recover the oxygen at the 
other side of the membrane may include a plenum to 
which the oxygen is fed, and the feedback signal may 
provide a measure of the oxygen pressure in the ple- 
num, which in turn will give a measure of the amount of 
oxygen production required. Thus where oxygen 
demand increases, the pressure of oxygen within the 
plenum will reduce, and this will result in the electrical 
current being regulated so that the proportion of cur- 
rent-on time in a given time interval, passing through the 
ceramic membrane, is increased, thus to increase oxy- 
gen production and increase the pressure of oxygen in 
the plenum. 

Preferably the feedback signal is compared with a 
reference which is indicative of a desired oxygen stor- 
age level e.g. pressure, to produce a control signal 
which is operative to vary the proportion of current-on 
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time in a given time interval. In a preferred arrangement, 
the amount of ambient air supplied to the one side of the 
membrane is also controlled. Thus the method may 
include supplying the ambient air to the one side of the 
membrane e.g. by means of a fan, and varying the sup- 5 
ply, e.g. by varying the speed of the fan, in dependence 
upon a feedback signal, which may be the same feed- 
back signal utilised in the method of the invention for 
regulating the electrical current passing through the 
membrane. 

Preferably the fan is electrically powered and the 
speed of the fan is varied by switching the electrical cur- 
rent to the fan on and off and varying the proportion of 
current-on time in a given time interval in dependence 
upon the feedback signal. 

The feedback signal for controlling the fan, may be 
indicative of the amount of oxygen which has been pro- 
duced by the generator and is available for use, or may 
be otherwise derived e.g. from the membrane tempera- 
ture. 

According to a second aspect of the invention we 
provide an oxygen generation device of the kind includ- 
ing a ceramic membrane through which an electrical 
current is passed whilst ambient air is fed to one side of 
the membrane, the membrane allowing oxygen in the 
supplied air to diffuse therethrough by ionic transport 
when the membrane is at or above an operating temper- 
ature, at a rate dependant upon the electrical current, 
there being means to recover the oxygen at a second 
side of the membrane, and control means to regulate 
the electrical current passing through the membrane by 
switching the electrical current on and off and varying 
the proportion of current-on time in a given time interval 
in dependence upon a feedback signal. 

The means to recover oxygen at the other side of 
the membrane may include a plenum to which the oxy- 
gen is fed, and there may be a transducer to measure 
the oxygen pressure in the plenum and to provide the 
feedback signal to the control means. 

Thus the control means may include a comparator 
means to compare the feedback signal with a reference 
which is indicative of a desired oxygen storage level, to 
produce a control signal which is operative to vary the 
proportion of current-on time in a given time interval. 

The device may include an electrically powered fan 
means to supply the ambient air to the one face of the 
membrane, and the control means may vary the speed 
of the fan by switching the electrical current to the fan on 
and off and varying the proportion of current-on time in 
a given time interval in dependence upon a feedback 
signal. 

The feedback signal utilised by the control means to 
vary the speed of the fan may be the same feedback 
signal that is used by the control means to vary the elec- 
trical current to pass through the membrane, or another 
feedback signal. 

Typically temperatures in the order of 600 K are 
required to obtain sufficient ionic conductivity. 



The invention will now be described with reference 
to the accompanying drawings in which:- 

Figure 1 is a diagrammatic illustration of an oxygen 
generating system incorporating an oxygen gener- 
ating device in accordance with the invention; 
Figure 2 is a diagrammatic illustrative view of part of 
the oxygen generating system of Figure 1 ; 
Figure 3 is a graph showing the relationship 
between electrical current, oxygen production and 
plenum pressure in a method in accordance with 
the invention. 

Figure 4 is a view similar to Figure 2 but of a prior 
art method. 

Referring to Figure 1, there is shown an oxygen 
generating system 10, which has at its heart, a ceramic 
membrane module 11 being an oxygen generating 
device operated by a method in accordance with the 
invention. 

A gas mixture such as for example ambient air from 
an un-compressed compartment of an aircraft, enters 
the system through an inlet 12, where any debris 
entrained in the inlet 12 may be filtered from the ambi- 
ent air by a filter 13. The air is drawn into the inlet 12 and 
is fed through the remainder of the system via a fan 14, 
the speed of which is controlled by an electrical control 
unit 15 as hereinafter described. 

The ambient air, which may be at a very cool tem- 
perature indeed, possibly below 273 K, then passes 
through a heater module 16 which will be described in 
more detail hereinafter, where, at least after the system 
10 has warmed up, the ambient air will be pre-heated 
before the air passes into the ceramic membrane mod- 
ule 11. 

The ceramic membrane module 1 1 generates oxy- 
gen rich gas component as hereinafter described, 
which passes from the module 1 1 via an outlet 1 7. The 
oxygen rich gas component passes through the heater 
module 1 6 via line 1 7a where at least some of its heat is 
dissipated to the ambient air, so that a cooled oxygen 
rich gas supply is obtained, which is fed via line 18a to 
a plenum 18, where the oxygen gas component may 
pass to, for example, an aircrew via a filter 1 9 where the 
oxygen rich air component can be breathed, particularly 
at ambient atmospheric pressure at elevated altitudes. 

The volume of the plenum 18 may be as required, 
but generally is of a small volume being the equivalent 
to perhaps, the volume of line 18a from the heater mod- 
ule 16 to the filter 19. 

The ceramic membrane module 1 1 also produces a 
supply of hot oxygen depleted gas component which 
passes from the module via an outlet 20. The hot oxy- 
gen depleted air component is also fed to the heater 
module 16, along a line 20a, where at least some of its 
heat is dissipated to the ambient air passing through the 
heater module 16. The cooled oxygen depleted gas 
component then passes from the heater module 16 via 
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line 16b and is disposed of, for example through an 
external port 16c of the aircraft. 

It will be appreciated that the ceramic membrane 
module 1 1 can only operate to separate the ambient air 
into its oxygen rich and oxygen depleted air compo- 
nents, when at a temperature above a minimum operat- 
ing temperature; typical operating temperatures are in 
the range 800-1200 K. 

Thus the heater module 16 may also comprise an 
electrical resistance or some other kind of auxiliary 
heater so that at least during an initial warm up period, 
the ambient air entering the heater module 16 can be 
warmed so that warmed air is fed to the ceramic mem- 
brane module 1 1 rather than cold air. 

Thus heating may be effected in the heater module 
1 6 in addition to the heating effect of the hot oxygen rich 
and oxygen depleted gas components which are 
passed therethrough. In another arrangement, the 
ceramic membrane module 1 1 may include an integral 
heating means such as is described in our co-pending 
European application published under number 
0726226. 

The temperature of the ambient air within the 
heater module 1 6, and/or the temperature of the oxygen 
rich and/or oxygen depleted gas component fed to the 
heater module 16, is monitored, so as to provide a suit- 
able input via line 23 to the electronic control unit 15. 
Also, the temperature within the ceramic membrane 
module 1 1 may be monitored, so as to provide an input 
24 to the electronic control unit 15 to protect the ceramic 
membrane module 1 1 from overheating. 

The pressure of the oxygen rich gas component 
supply in plenum 18 is also monitored, e.g. by a pres- 
sure transducer which provides an input 25 to the elec- 
tronic control unit 15. The speed of the fan 14, and 
hence the volume of air being delivered to the heater 
module 16 and subsequently to the ceramic membrane 
module 1 1 , is also monitored and an input 26 is pro- 
vided to the electronic control unit 15. 

In response to demand for oxygen rich gas compo- 
nent, as indicated by the input 25, the electronic control 
unit 1 5 controls the speed of the fan 1 4 via a line 27, and 
the power fed to the ceramic membrane module 1 1 via 
a line 28 to control the level of oxygen generation in the 
ceramic membrane module 11. There is also a built in 
test which results in an output indicated at 29 for exam- 
ple, to alert an aircrew to the fact that the system 10 is 
not operating correctly. 

The ceramic membrane module 1 1 may comprise a 
membrane of, ceramic material through which electrical 
current is passed, the material being active when at an 
elevated temperature above a minimum operating tem- 
perature to cause separation of air or other gas into oxy- 
gen rich and oxygen depleted gas components. In a 
practical arrangement, a stack of such membranes 
would be provided. 

One suitable active ceramic material consists of an 
electrolyte such as Cerium Gadolinium Oxide (CGO) 



coated on both sides with an electrode made for exam- 
ple of Lanthanum Strontium Cobalt Ferrite (LSCF). 

The amount of oxygen rich gas component gener- 
ated can be adjusted by regulating the electrical current 
5 which passes through the ceramic membrane module 
1 1 . One method of achieving this would be to change 
the voltage across and hence the current passing 
through the module 1 1 . This is so called "proportional 
control". 

10 An example of a typical proportional control which 
could be applied to the system 10 is indicated in Figure 
4. It can be seen that the magnitude of the electrical cur- 
rent is varied in dependence upon the input 25 from the 
pressure transducer sensing the pressure of oxygen in 

15 the plenum 18. This may be achieved by means of a 
comparator which compares the input 25 with a refer- 
ence indicative of the amount of oxygen required in the 
plenum 18. The difference between these two signals is 
thus used by the controller proportionally to regulate the 

20 flow of electrical current through the ceramic membrane 
module 1 1 . In this example, a continuous D.C. current is 
supplied to the module 1 1 via an inductance L, a capac- 
itor C and a diode D which, together with a switch S, 
form a conventional switched mode power supply. 

25 When switch S is moved to a closed position, 
energy is stored in the inductor L and current is supplied 
directly to the module 1 1 . 

When switch S is moved to an open position, 
energy stored within the inductor L is recovered to 

30 power the load of the module 1 1 . Capacitor C serves to 
provide short term energy storage to power the load of 
the module 1 1 during switch transitions, and in conjunc- 
tion with the conductor L smooths the voltage applied 
across the module 1 1 . 

35 The actual load voltage is proportional to the duty 
cycle of the switch S which is controlled by the control- 
ler. In this manner current is supplied continuously to 
the module 1 1 . 

It will be appreciated that such switched mode 

40 power supply technology consumes high power. 

Also, it will be appreciated that the power required 
by the ceramic membrane module 1 1 is substantial, and 
thus the inductor/capacitor/diode and other components 
of the proportional control circuit would also need to be 

45 substantial, resulting in significant weight penalty. 

An arrangement in accordance with the invention is 
shown in Figure 2 which regulates the electrical current 
supplied to the ceramic membrane module 11 by 
switching the current on and off. By varying the propor- 

50 tion of current-on time in a given time interval, in 
dependence upon a feedback signal i.e., input 25 from 
the pressure transducer in the plenum 18, the produc- 
tion of oxygen in the ceramic membrane module 1 1 is 
thus controlled. 

55 Referring also to Figure 3, it will be appreciated that 
in any given time interval, the current may be switched 
on any desired number of times, for example twice in 
the arrangement shown in Figure 4 in that given time 
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interval t, and that the proportion of current-on time indi- 
cated may be varied, by varying the so called mark- 
space ratio of the current signal. 

The ceramic membrane module 1 1 will respond as 
indicated in Figure 3 by generating oxygen in response s 
to current-on times. Thus by changing the current-on 
time in a given time interval t, the amount of oxygen 
generated will too, be varied. Figure 3 also indicates 
how the plenum pressure would be expected to change, 
for a steady demand for oxygen rich gas component, 10 
utilising the current characteristic indicated in the Fig- 
ure. 

If demand increases, the input 25 to the electronic 
control unit 15 will indicate that greater oxygen produc- 
tion is required as pressure in the plenum 18 will fall, is 
The electronic control unit 15 is arranged to increase 
the proportion of current-on time in a given time interval, 
in response, either/or by increasing the frequency of 
switching, and/or by adjusting the mark-space ratio and 
to achieve this, may compare in a comparator means 20 
the input 25 with a reference which is indicative of a 
desired oxygen storage level in plenum 18, to produce a 
control signal which is operative to vary the proportion 
of current on time in a given time interval. 

Preferably, the fan 1 4, which is electrically powered, 25 
is also controlled by means of varying speed of the fan 
in dependence upon the signal input 25 from the ple- 
num 18. Preferably the electronic control unit 15 
switches the electrical current to the fan 14 on and off 
and/or varies the proportion of current on time in a given 30 
time interval in dependence upon the input 25, in a sim- 
ilar manner to that in which the electronic control unit 15 
regulates the electrical current passing through the 
membranes of the ceramic membrane module 1 1 . 

The temperature within the ceramic membrane 35 
module 1 1 is controlled by means of monitoring the tem- 
perature and adjusting the amount of ambient air fed to 
the ceramic membrane module 11. In order to reduce 
the temperature the speed of the fan 14 is increased, 
thus increasing the amount of cooling airflow. In order to 40 
increase the temperature the fan speed is reduced. The 
speed of the fan 14 may be controlled by varying the 
proportion of current on time in a given time interval. 

Various modifications may be made without depart- 
ing from the scope of the invention. For example, the 45 
arrangement of the oxygen generating system shown in 
Figure 1 is only an example of a typical system which 
may utilise the invention. The particular arrangement 
shown in Figure 2 is only diagrammatic and it will be 
appreciated that in practice, the circuit may be more so 
complex than indicated. In any event, the circuit would 
require less bulky and heavy components than that 
required by a conventional proportional control circuit 
such as described in Figure 4, and as the electrical 
characteristics of the power supply and the module 1 1 55 
can be closely matched, the invention permits more effi- 
cient use of the power available from the power supply. 

Although in the arrangement described, the speed 



of fan 1 4 is determined with reference to the input 25 
from the plenum 1 8, it will be appreciated that the speed 
of fan 14 may be regulated in dependence upon a feed- 
back signal only derived from the temperature of the 
ceramic membrane module 1 1 and/or the temperature 
of oxygen rich gas components generated therein or the 
oxygen depleted air. 

Claims 

1. A method of controlling an oxygen generation 
device (11) of the kind including a ceramic mem- 
brane through which an electrical current is passed 
whilst ambient air is supplied to one side of the 
membrane, the membrane allowing oxygen in the 
supplied air to diffuse therethrough by ionic trans- 
port when the membrane is at or above an operat- 
ing temperature, at a rate dependant upon the 
electrical current, there being means (18) to 
recover the oxygen at a second side of the mem- 
brane, characterised in that the method comprises 
regulating the electrical current passing through the 
membrane by switching the electrical current on 
and off and varying the proportion of current-on 
time in a given time interval (6) in dependence upon 
a feedback signal (25). 

2. A method according to claim 1 characterised in that 
the feedback signal (25) is indicative of the amount 
of oxygen which has been produced by the genera- 
tor (1 1) and is available for use. 

3. A method according to claim 2 characterised in that 
the means to recover oxygen at the other side of the 
membrane includes a plenum (1 8) to which the oxy- 
gen is fed, the feedback signal (25) providing a 
measure of the oxygen pressure in the plenum (1 8). 

4. A method according to claim 2 or claim 3 character- 
ised in that the feedback signal (25) is compared 
with a reference which is indicative of a desired oxy- 
gen storage level, to produce a control signal which 
is operative to vary the proportion of current-on time 
in a given time interval. 

5. A method according to any one of the preceding 
claims characterised in that the method includes 
controlling the amount of ambient air supplied to the 
one face of the membrane by varying the supply in 
dependence upon a feedback signal (25). 

6. A method according to claim 5 characterised in that 
the ambient air supply means comprises a fan (14) 
which is electrically powered and the speed of the 
fan (14) is varied by switching the electrical current 
to the fan (14) on and off and varying the proportion 
of current-on time in a given time interval in 
dependence upon the feedback signal (25). 
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7. A method according to claim 6 characterised in that 
the feedback signal (25) is indicative of the amount 
of oxygen which has been produced by the genera- 
tor (1 1) and is available for use. 

5 

8. An oxygen generation system having a device (11) 
of the kind including a ceramic membrane through 
which an electrical current is passed whilst ambient 
air is supplied to one side of the membrane, the 
membrane allowing oxygen in the supplied air to 10 
diffuse therethrough by ionic transport when the 
membrane is at or above an operating temperature, 

at a rate dependant upon the electrical current, 
there being means (18) to recover the oxygen at a 
second side of the membrane, and characterised in is 
that the system includes control means to regulate 
the electrical current passing through the mem- 
brane by switching the electrical current on and off 
and varying the proportion of current-on time in a 
given time interval (t) in dependence upon a feed- 20 
back signal (25). 

9. A system according to claim 8 characterised in that 
the means to recover oxygen at the second side of 
the membrane includes a plenum (18) to which the 25 
oxygen is fed, there being a transducer to a meas- 
ure the oxygen pressure in the plenum (18) and to 
provide the feedback signal to the control means. 

1 0. A system according to claim 8 or claim 9 character- 30 
ised in that the control means (15) includes a com- 
parator means to compare the feedback signal (25) 
with a reference which is indicative of a desired oxy- 
gen storage level, to produce a control signal which 

is operative to vary the proportion of current-on time 35 
(t) in a given time interval. 

11. A system according to any one of claims 8 to 10 
characterised in that an electrically powered fan 
means (24) is provided to supply the ambient air to 40 
the one side of the membrane, the control means 
(15) varying the speed of the fan (24) by switching 

the electrical current to the fan (24) on and off and 
varying the proportion of current-on time in a given 
time interval (t) in dependence upon a feedback 45 
signal (25). 

12. A system according to claim 11 characterised in 
that the feedback signal (25) utilised by the control 
means (15) to vary the speed of the fan (24) is the so 
same feedback signal (25) that is used by the con- 
trol means (1 5) to vary the electrical current passed 
through the membrane. 

Patentanspruche 55 

1. Verfahren zum Steuern einer Sauerstofferzeu- 
gungsvorrichtung (1 1) mit einer keramischen Mem- 



bran, durch welche ein elektrischer Strom geleitet 
wird, wahrend Umgebungsluft einer Seite der Mem- 
bran zugefuhrt wird, wobei die Membran Sauerstoff 
in der zugefuhrten Luft gestattet, wenn sie sich bei 
einer Betriebstemperatur oder daruber befindet, 
durch sie hindurch durch lonentransport mit einer 
Rate zu diffundieren, welche von dem elektrischen 
Strom abhangt, wobei eine Einrichtung (18) vor- 
handen ist, urn den Sauerstoff an einer zweiten 
Seite der Membran aufzunehmen, dadurch 
gekennzeichnet, daB das Verfahren beinhaltet, den 
elektrischen Strom, welcher durch die Membran 
flieBt, durch Ein- und Ausschalten des elektrischen 
Stroms zu regulieren und den Anteil der Zeit in 
einem gegebenen Zeitintervall (6), wahrend der ein 
Strom flieBt, in Abhangigkeit von einem Ruckkopp- 
lungssignal (25) zu verandern. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB das Ruckkopplungssignal (25) die 
Menge an Sauerstoff angibt, welche durch die Sau- 
erstofferzeugungsvorrichtung (11) hergestellt wor- 
den und zur Benutzung verfugbar ist. 

3. Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet, daB die Einrichtung zum Aufnehmen von 
Sauerstoff auf der anderen Seite der Membran eine 
Sammelkammer (18) aufweist, welcher der Sauer- 
stoff zugefuhrt wird, wobei das Ruckkopplungssi- 
gnal (25) ein MaB fur den Sauerstoffdruck in der 
Sammelkammer (18) darstellt. 

4. Verfahren nach Anspruch 2 oder 3, dadurch 
gekennzeichnet, daB das Ruckkopplungssignal 
(25) mit einer ReferenzgroBe verglichen wird, wel- 
che ein gewunschtes Sauerstoff-Speicherniveau 
angibt, urn ein Steuersignal zu erzeugen, welches 
so wirkt, daB der Anteil der Zeit, wahrend der ein 
Strom flieBt, in einem gegebenen Zeitintervall ver- 
andert wird. 

5. Verfahren nach einem der vorangehenden Anspru- 
che, dadurch gekennzeichnet, daB das Verfahren 
beinhaltet, die Menge der Umgebungsluft, welche 
der einen Seite der Membran zugefuhrt wird, 
dadurch zu regeln, daB die Zufuhrung in Abhangig- 
keit von einem Ruckkopplungssignal (25) variiert 
wird. 

6. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, daB die Einrichtung zum Zufuhren von 
Umgebungsluft ein elektrisch betriebenes Geblase 
(14) aufweist, und die Geschwindigkeit des Gebla- 
ses (14) dadurch verandert wird, daB der elektri- 
sche Strom zu dem Geblase (14) ein- und 
ausgeschaltet wird und der Anteil der Zeit in einem 
gegebenen Zeitintervall, wahrend der ein Strom 
flieBt, in Abhangigkeit von dem Ruckkopplungssi- 
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gnal (25) verandert wird. 

7. Verfahren nach Anspruch 6, dadurch gekenn- 
zeichnet, daB das Ruckkopplungssignal (25) die 
Menge des Sauerstoffs angibt, welcher von der s 
Sauerstofferzeugungsvorrichtung (11) erzeugt 
wurde und zur Benutzung verfugbar ist. 

8. Sauerstofferzeugungssystem mit einer Vorrichtung 
(11) von der Art , welche eine keramische Membran 10 
enthalt, durch welche ein elektrischer Strom gelei- 

tet wird, wahrend Umgebungsluft einer Seite der 
Membran zugefuhrt wird, wobei die Membran Sau- 
erstoff in der zugefiihrten Luft gestattet, durch sie 
hindurch bei einer Rate, welche von dem elektri- 15 
schen Strom abhangt, durch lonentransport zu dif- 
fundieren, wenn die Membran sich bei Oder 
oberhalb einer Betriebstemperatur befindet, wobei 
eine Einrichtung (18) vorhanden ist, uni den Sauer- 
stoff auf einer zweiten Seite der Membran aufzu- 20 
nehmen, dadurch gekennzeichnet, daB das 
System eine Steuereinrichtung zum Regulieren 
des durch die Membran flieBenden elektrischen 
Stroms durch Ein- und Ausschalten des elektri- 
schen Stroms und Verandern des Anteils der Zeit in 25 
einem gegebenen Zeitintervall (t), wahrend der ein 
Strom flieBt, in Abhangigkeit von einem Ruckkopp- 
lungssignal (25) aufweist. 

9. System nach Anspruch 8, dadurch gekenn- 30 
zeichnet, daB die Einrichtung zum Aufnehmen von 
Sauerstoff an der zweiten Seite der Membran eine 
Sammelkammer (18) aufweist, welcher Sauerstoff 
zugefuhrt wird, wobei ein Wandler zum Messen des 
Sauerstoffdrucks in der Sammelkammer (18) und 35 
zum Erzeugen des Riickkopplungssignals zu der 
Steuereinrichtung vorgesehen ist. 

10. System nach Anspruch 8 Oder 9, dadurch gekenn- 
zeichnet, daB die Steuereinrichtung (15) eine 40 
Vergleichseinrichtung enthalt, urn das Ruckkopp- 
lungssignal (25) mit einer ReferenzgroBe zu ver- 
gleichen, welche das gewunschte Sauerstoff- 
Speicherniveau angibt, urn ein Steuersignal zu 
erzeugen, welches bewirkt, daB der Anteil der Zeit 45 
in einem gegebenen Zeitintervall (t), wahrend der 

ein Strom flieBt, verandert wird. 

11. System nach einem der Anspruche 8 bis 10, 
dadurch gekennzeichnet, daB eine elektrisch so 
betriebene Geblaseeinrichtung (24) vorgesehen ist, 

urn die Umgebungsluft der einen Seite der Mem- 
bran zuzufuhren, wobei die Steuereinrichtung (15) 
die Geschwindigkeit des Geblases (24) dadurch 
verandert, daB sie den elektrischen Strom zu dem 55 
Geblase (24) einund ausschaltet und den Anteil der 
Zeit in einem gegebenen Zeitintervall (t), wahrend 
der ein Strom flieBt, in Abhangigkeit von einem 



Ruckkopplungssignal (25) verandert. 

12. System nach Anspruch 11, dadurch gekenn- 
zeichnet, daB das Ruckkopplungssignal (25), wel- 
ches von der Steuereinrichtung (15) verwendet 
wird, um die Geschwindigkeit des Geblases (24) zu 
verandern, dasselbe Ruckkopplungssignal (25) ist, 
das von der Steuereinrichtung (15) verwendet wird, 
um den elektrischen Strom, welcher durch die 
Membran geleitet wird, zu verandern. 

Revendications 

1. Procede de commande d'un appareil generateur 
d'oxygene (1 1) du type comprenant une membrane 
en ceramique a travers laquelle on fait passer un 
courant electrique pendant que de I'air ambiant est 
amene a une face de la membrane, la membrane 
permettant la diffusion de I'oxygene de I'air fourni, a 
travers la membrane, par transport ionique lorsque 
la membrane est a une temperature egale ou supe- 
rieure a une temperature de fonctionnement, a un 
debit qui depend du courant electrique, des moyens 
(18) etant prevus pour recuperer I'oxygene sur une 
deuxieme face de la membrane, caracterise en ce 
que le procede comprend la regulation du courant 
electrique traversant la membrane, par commuta- 
tion du courant electrique en marche et arret et 
modification de la proportion du temps de passage 
du courant dans un intervalle de temps donne (t) en 
fonction d'un signal de reaction (25). 

2. Procede selon la revendication 1 , caracterise en ce 
que le signal de reaction (25) est indicatif de la 
quantite d'oxygene qui a ete produite par le genera- 
teur (1 1) et qui est disponible pour I'utilisation. 

3. Procede selon la revendication 2, caracterise en ce 
que les moyens de recuperation de I'oxygene sur 
I'autre face de la membrane comprennent une 
chambre (18) a laquelle I'oxygene est envoye, le 
signal de reaction (25) fournissant une mesure de 
la pression d'oxygene dans la chambre (18). 

4. Procede selon la revendication 2 ou la revendica- 
tion 3, caracterise en ce que le signal de reaction 
(25) est compare a une reference qui est indicative 
d'un niveau desire de stockage d'oxygene, pour 
produire un signal de commande qui agit de fagon 
a modifier la proportion du temps de passage du 
courant dans un intervalle de temps donne. 

5. Procede selon une quelconque des revendications 
precedentes, caracterise en ce que le procede 
comprend le reglage de la quantite d'air ambiant 
fournie sur ladite premiere face de la membrane, 
par modification de la fourniture en fonction d'un 
signal de reaction (25). 
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6. Procede selon la revendication 5, caracterise en ce 
que les moyens de fourniture d'air ambiant com- 
prennent un ventilateur (14) qui est entrame electri- 
quement et dont la vitesse est modifiee par 
commutation du courant electrique fourni au venti- 
lateur (14) en marche et arret et variation de la pro- 
portion du temps de passage du courant dans un 
intervalle de temps donne en fonction du signal de 
reaction (25). 

7. Procede selon la revendication 6, caracterise en ce 
que le signal de reaction (25) est indicatif de la 
quantite d'oxygene qui a ete produite par le genera- 
tes (1 1) et qui est disponible pour I'utilisation. 

8. Systeme de generation d'oxygene comprenant un 
appareil (1 1) du type comportant une membrane en 
ceramique a travers laquelle on fait passer un cou- 
rant electrique pendant que de I'air ambiant est 
amene sur une face de la membrane, la membrane 
permettant a I'oxygene de I'air ainsi fourni de diffu- 
ser a travers la membrane par transport ionique 
lorsque la membrane est a une temperature egale 
ou superieure a une temperature de fonctionne- 
ment, a un debit qui depend du courant electrique, 
des moyens (18) etant prevus pour recuperer I'oxy- 
gene sur une deuxieme face de la membrane, 
caracterise en ce que le systeme comprend des 
moyens de commande pour reguler le courant elec- 
trique traversant la membrane, par commutation du 
courant electrique en marche et arret et modifica- 
tion de la proportion du temps de passage du cou- 
rant dans un intervalle de temps donne (t) en 
fonction d'un signal de reaction (25). 

9. Systeme selon la revendication 8, caracterise en ce 
que les moyens de recuperation de I'oxygene sur la 
deuxieme face de la membrane comprennent une 
chambre (18) a laquelle I'oxygene est envoye, un 
transducteur etant prevu pour mesurer la pression 
d'oxygene dans la chambre (18) et fournir le signal 
de reaction aux moyens de commande. 



ventilateur (24) par commutation du courant electri- 
que fourni au ventilateur (24) en marche et arret et 
par modification de la proportion du temps de pas- 
sage du courant dans un intervalle de temps donne 
5 (t) en fonction d'un signal de reaction (25). 

12. Systeme selon la revendication 11, caracterise en 
ce que le signal de reaction (25) utilise par les 
moyens de commande (15) pour modifier la vitesse 
10 du ventilateur (24) est le meme signal de reaction 
(25) qui est utilise par les moyens de commande 
(15) pour modifier le courant electrique traversant la 
membrane. 

15 



20 



25 



30 



35 



40 



10. Systeme selon la revendication 8 ou la revendica- 
tion 9, caracterise en ce que les moyens de com- 45 
mande (15) comprennent un comparateur pour 
comparer le signal de reaction (25) a une reference 
qui est indicative d'un niveau desire de stockage 
d'oxygene, af in de produire un signal de commande 
qui agit pour modifier la proportion du temps de so 
passage du courant (t) dans un intervalle de temps 
donne. 



1 1 . Systeme selon une quelconque des revendications 
8 a 10, caracterise en ce qu'un ventilateur a entraT- 55 
nement electrique (24) est prevu pour fournir I'air 
ambiant a ladite premiere face de la membrane, les 
moyens de commande (15) modifiant la vitesse du 
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